Abstract. The male-enhanced antigen (Mea) gene, the product of which was reactive with the H-Y antibody, was isolated from a bovine testicular cDNA library, and its expression in bovine early embryos was analyzed by the reverse transcriptase-polymerase chain reaction (RT-PCR). Analyses using diluted mRNA from blastocyst embryos suggested that it could detect the Mea transcripts from just a few blastocyst cells. Expression of the Mea gene was not detected at the 2-cell stage, but it was detected in 8-cell embryos to hatched blastocysts. When the sex of one half of a bisected blastocyst was determined by the usual PCR using bovine Y-chromosome specific primers and the other half by RT-PCR, all blastocysts having Y-chromosome sequences were found to express the Mea gene. Most embryos without Y specific sequences did not express the Mea gene, but a small fraction of them unexpectedly did. These findings indicate that the Mea gene could be useful for sexing early embryos by RT-PCR and especially to identify female embryos.
T he male specific histocompatibility-Y (H-Y) an-
tigen was discovered in mice within certain inbred strains; females rejected male skin grafts, whereas skin grafts exchanged between all the other sex combinations were accepted [1] . When methodology was confined to skin grafting, research was limited to those specific inbred animal strains that were available. When H-Y antibody (anti-H-Y) was raised in inbred strains of mice, mongrel animals could be tested for expression of the H-Y antigen. Wachtel et al. [2] showed that the H-Y antigen was conserved evolutionarily in heterogametic sexes including mammals, birds, and amphibia . Based mainly on this discovery, Wachtel et al. [3] put forward a hypothesis that the H-Y antigen, the expression of which was supposed to be controlled by the Hya gene, plays the role of testis determinator, which is controlled by the Tdy gene.
That is, Hya is Tdy. However, using sex reversed mice called Sxr and Sxr', McLaren et al.
[4] showed that XXSxr male mice had both the testes (Tdy) and the H-Y antigen (Hya), while XXSxr' males had the testes (Tdy) but lacked the H-Y antigen (Hya). Indeed, McLaren et al. [5] and Roberts et al. [6] indicated that Tdy and Hya are separate entities, and both are closely located on the minute short arm of the Y-chromosome.
The expression of Hya was determined in these studies by proliferation of H-Y-specific T-cell clones and the H-Y-specific H-2b-restricted cytotoxicity test [4, 5] . Both tests consitsted of T-cell mediated immune reactions. Granted bovine Mea (5'-ACGAGCTGCGGAGAATCGGT-3' and 5'-GGATCCGATCCTGGATATCAGC-3') and the other for bovine actin (5'-TCTGAAC-CCCAAGGCCAACCGT-3'  and 5'-CCATCTCCT-GCTCGAAGTCCAA-3') were synthesized (Applied Biosystems, model 391). Comparison of genomic DNA and cDNA of the Mea gene indicated that Mea consisted of 3 exons (data will be reported elsewhere). The Mea primer pairs spanned the first intron so that the PCR product from genomic DNA was clearly longer than that from cDNA. The sequences of actin primers were selected from the bovine actin gene sequence as reported [10] . Bovine Y-chromosome specific primers were also reproted previously [11] .
Preparation of embryos and half embryos Micro mRNA Purification Kit (Pharmacia, Uppsala, Sweden) and reverse-transcribed with a First-Strand cDNA Synthesis Kit (Pharmacia). The cDNA reaction was added to PCR buffer [10 mM Tris-HC1 (pH 8.9), 1.5 mM MgC12, 80 mM KC1, 0.1% sodium cholate, 0.1% TritonX-100] containing 0.2 4W of each primer and 2 units of Tth DNA polymerase (Toyobo, Osaka Japan) in a final volume of 100 pl. The cDNAs were amplified by 35 cycles of denaturation at 94 C for 1 min, annealing at 60 C for 1 min, and extension at 72 C for 1 min. As a control, 0.5 jig of bovine genomic DNA and 0.5 jig of phage lysates from a bovine testis cDNA library were amplified under identical conditions. Ten microliter aliquots of the amplified products were size-fractionated in 3% NuSieve 3:1 agarose (FMC Bioproducts) gels in Tris-borate-EDTA buffer and visualized by ethidium bromide staining. Because the primer set for the Mea gene spanned an intron, the size of amplified products from genomic DNA and cDNA were 0.7 kb (748 bp) and 0.4 kb (372 bp), respectively. Therefore, any amplified products from contaminating genomic DNA in the RNA specimens could be readily distinguished from those of cDNAs.
Statistical analysis
Deviation of sex ratios from the expected ratio of 50 : 50 was analyzed by the X 2 test.
Results

Mea gene is expressed in bovine blastocysts
A pair of specific primers from the ,cDNA sequence of bovine Mea [9] was used for RT-PCR analyses of testicular and embryonic poly (A)+ RNA and for PCR analyses of bovine genomic DNA. The primer set from the open reading frame (ORF) region of the genomic DNA of bovine actin [10] was used as an internal control. The Mea primer pair produced a PCR-amplified DNA fragment of 0.4 kb from cDNA that was generated from testicular mRNA by the reverse-transcriptase reactin ( Fig. 1, a, lane 1) . On the other hand, the PCR of bovine genomic DNA generated a DNA fragment of 0.7 kb, reflecting the presence of the first intron between the 2 primers in the structural gene of the Mea (Fig. 1, a, lanes 2, 3) . The primers for the actin gene generated a 0.4 kb (356 bp) band, as expected, and additional bands larger than 0.6 kb when genomic DNA was used (Fig. 1, b, lanes 2, 3) . The additional ladder of bands was produced not from cDNA but only from genomic DNA. The origin of these bands was not clear, but the 2 pairs of primer sets were shown to be useful for distinguishing genomic sequences from those originated from Mea and actin transcripts. Negative controls using H2O instead of the DNA specimen (H2O), culture medium without embryos (TCM-199), mRNA treated with RNase (RNase), and mRNA without reverse transcriptase (RT-, hence no synthesis of cDNA) were also subjected to the same RT-PCR or PCR analyses (Fig. 1, a, lanes 7-10) . None of them showed the 0.4 kb band of the Mea. These findings indicate that only reverse-transcribed cDNAs from RNA specimens give the positive signal of the expected 0.4 kb fragment originating from the Mea transcripts.
On the basis of the above results, a blastocyst embryo was subjected to RT-PCR, A positive signal was obtained ( Fig. 1, a, to approximately 10 cells, was used, a clear signal was detected (Fig. 1, a, lane 5) . However, a signal from a 0.01 volume of mRNA (equivalent to 1-2 cells) was marginally visible (Fig.  1, a, (Fig. 2, a, lane 1-2 ), but was in the 8-cell stage and beyond (Fig. 2, a, lanes  3-8) . Embryos having 16-32 cells also expressed the Mea gene (data not shown). In vitro matured bovine oocytes did not express the Mea gene yet, while the primer set of the actin gene produced positive RT-PCR signals (data not snown).
Mea gene is mainly expressed in male embryos
We have shown that the Mea gene is highly expresssed in the adult testis [9] and is detectable in early embryos (this report). To determine whether or not bovine embryos express it sex-specifically, we bisected a blastocyst, and one half was used to determine the sex with the Y-specific probe [11, 15] , while the other half was used to investigate Mea gene expression using the RT-PCR method. Among the 17 blastocysts thus examined, all of the 9 embryos that had Y-specific sequences expressed the Mea gene. Five out of 8 embryos without the Y-specific sequences did not express the Mea gene, while the actin gene was expressed. However, the remaining 3 embryos produced RT-PCR amplified fragments, conjecturally derived from Mea cDNA ( RNAs from bovine embryos at the 2-cell, 8-cell, morula, and blastocyst stages were added to reverse transcriptase (RT). Subsequent PCR reactions contained oligonucleotide primers for the Mea (a) or actin gene (b). As expected, the 356 by control actin band was seen in all +RT specimens. The 372 by band corresponding to Mea was seen in all +RT specimens except for the 2-cell stage specimen. As a control, bovine testicular cDNA was amplified with the primers. Hinfl digested 0 174 ( 56 174/ Hinfl) was electrophoresed as DNA molecular weight markers. expression levels between male and female embryos. When PCR was used for sexing bovine embryos, the male to female ratio was around 0.55. Even though the ratio was shifted to male excess in general, there were not any statistically significant differences. When the RT-PCR was applied, the apparent male ratio showed a significant increase to 69%. This discrepancy resides in the fact that embryos judged to be males by the RT-PCR consisted of true male embryos and some flawed female embryos ( 
